Introduction
Immune cells impact cancer growth via direct interaction with malignant cells and also indirectly by modulation of the tumour microenvironment [1] . It has been established that the density and composition of tissue infiltrating cells, for example enrichment with T cells or macrophages, are correlated to clinical outcome in many types of cancer [2] . Owing to the heterogeneity and complexity of immunological responses towards malignancies, the underlying local mechanisms are not understood completely.
Immune cells can be a double-edged sword in the context of cancer, as they are able to promote as well as counteract tumour growth [1] . In this regard it has been demonstrated that even though gd T cell infiltration in the tumour tissue represents a positive prognostic marker in most types of cancer [2] , specific subpopulations of gd T cells have protumour functions, such as the stimulation of tumour angiogenesis [3, 4] . This is relevant, as the utilization of tumourtargeting gd T cells is a promising concept in the field of cancer immunotherapy [5] [6] [7] : gd T cells exhibit strong cytotoxic activity against a variety of cancer cell types [8, 9] and can be activated safely in vivo using amino-bisphosphonates or synthetic phosphoantigens and low-dose interleukin (IL)-2 [9] . Bisphosphonates, such as zoledronic acid (Zol), have additional effects in cancer patients [10] and results reported by Santini et al. indicated a connection to the downregulation of angiogenic growth factors such as vascular endothelial growth factor (VEGF) [11] [12] [13] .
The VEGF family comprises several multi-functional signal molecules, of which VEGF-A is the best-characterized member. VEGF-A (referred to henceforth as VEGF) is involved in many physiological and pathophysiological processes [14] : it is essential for embryonic development [15] , stimulates angiogenesis, increases vascular permeability and enables tumour neovascularization [16] . Current clinically approved anti-VEGF therapies target pathological neo-angiogenesis and are now used frequently in cancer [17] . However, compared to the high expectations that emerged from experiments with mice, the current anti-VEGF drugs show only modest activity against human malignancies [14, 17] . The reason for this discrepancy is unclear, but several reports indicate that human VEGF signalling in the context of cancer and inflammation is complex [18, 19] and may be more heterogeneous than thought previously. For example, a retrospective analysis documented recently that in renal cell cancer only a subgroup of patients with certain inflammation patterns of tumourinfiltrating myeloid and T cell benefited from additional treatment with bevacizumab [20] .
A possible linkage between the activity of T cells and VEGF signalling in cancer prompted us to assess the changes in VEGF serum levels during a recent clinical study that involved the use of Zol as an immunostimulatory drug. This study was designed primarily to evaluate the safety and anti-tumour efficacy of gd T cells in adults with advanced solid and haematological malignancies [21] . Surprisingly, we found a substantial and fast increase in VEGF serum levels following treatment with Zol plus lowdose IL-2 in several patients [21] , although we would have expected the contrary.
There are only few publications addressing VEGF production in human lymphocytes [22] [23] [24] [25] or specifically in gd T cells [26, 27] . Due to the importance of VEGF signalling in human physiology and disease we therefore aimed to examine the VEGF production from primary immune cells as well as different leukaemia and lymphoma cell lines following treatment with Zol and IL-2.
Material and methods

Cell isolation and culture
All procedures were conducted in accordance with the 1975 Declaration of Helsinki. Peripheral blood mononuclear cells (PBMCs) from healthy male and female volunteers, aged between 20 and 60 years and with normal peripheral blood counts, were isolated by density gradient centrifugation with Biocoll (Biochrom, Darmstadt, Germany); 2 3 10 5 PBMCs were cultured in 96-well microtitre plates using standard medium consisting of RPMI-1640 supplemented with 10% fetal bovine serum, 2 mM L-glutamine and 1% penicillin 1 streptomycin (all from Biochrom). RPMI was 'low endotoxin' grade and fetal bovine serum contained less than 3 EU/ml endotoxin. One hundred U/ ml IL-2 with or without 1 mM Zol (both Novartis, Nuremberg, Germany) were added on day 0 as indicated (1 IL-2 or Zol 1 IL-2). Cells were reseeded at 2 3 10 5 PBMCs per well on days 7 and 9. Additional IL-2 (100 U/ ml) was added on days 7 and 9 to the previously Zol 1 IL-2-and IL-2-stimulated cultures. The leukaemia and lymphoma cell lines KG-1, THP-1, K562, HL-60, Daudi, U266 and Reh were obtained from the German collection of microorganisms and cell culture (DSMZ, Braunschweig, Germany) and cultured in standard medium. Cell counts and cell viability were established using a haemocytometer and the trypan blue exclusion method. Cell viability rate was > 92% in all experiments.
Quantification of soluble factors and interference
VEGF, soluble VEGF receptors 1 and 2 (sVEGFR-1 and sVEGFR-2) and interferon (IFN)-g concentrations in the cell culture supernatants were determined using a Tecan Sunrise plate reader and enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA), according to the manufacturer's instructions. The release rates in the indicated interval were normalized to 10 6 cells per 24 h in order to enhance comparability and to compensate for differences in cell proliferation as well as culture duration. Therefore, the concentration of the soluble factors were measured in the supernatants at the end of the respective period and related to the mean cell count, established by cell counting. For evaluation of cell culture supernatants, interference with VEGF detection, the supernatants and the calibrator diluent were each spiked with 400 pg/ml recombinant human VEGF (rhVEGF) (R&D Systems) and incubated for 30 min at room temperature before determination of VEGF concentration by ELISA. The level of interference is expressed as a percentage, based on the values measured in the calibrator diluent (VEGF concentration sample/VEGF concentration in calibrator diluent 3 100).
Immunomagnetic selection
gd T cells were enriched from Zol 1 IL-2-stimulated PBMCs on day 7 by positive immunomagnetic selection using the gd T cell selection kit (Miltenyi Biotec, Bergisch Gladbach, Germany). Monocytes were enriched or depleted from PBMCs on day 0 using the CD14 monocyte kit (Miltenyi Biotec). All selections or depletions were performed using the MidiMACS system (Miltenyi Biotec), according to the manufacturer's instructions. The enrichment resulted in a purity of > 99% for enriched gd T cells, > 92% CD14
1 cells in the monocyte-enriched and < 0Á1% CD14 1 cells in the monocyte-depleted cell fraction, as confirmed by flow cytometry.
Flow cytometry
A FC500 flow cytometer and CXP software (both Beckman Coulter, Brea, CA, USA) were used for multi-colour 
Statistical analysis
Data were depicted as mean 6 standard deviation (s.d.). Levels of significance are calculated by Kruskal-Wallis test and Dunn's test. Correlation is expressed with Spearman's rank correlation coefficient. P < 0.05 was considered statistically significant.
Results
VEGF release by PBMCs
First we evaluated the VEGF release kinetics of human PBMCs of healthy donors during unstimulated in-vitro culture and compared it to treatment with IL-2. In addition, Zol 1 IL-2 was used for specific activation of gd T cells (Fig. 1a) . VEGF release was decreased between days 0 and 2 in the Zol 1 IL-2-stimulated cultures and the release of VEGF until day 7 was low in any of the different types of stimulation. Zol 1 IL-2-treated PBMCs then depicted a significant increase in VEGF release compared to the unstimulated and IL-2-stimulated cells between days 7 and 9. Following day 9, both IL-2-and Zol 1 IL-2-stimulated cells produced more VEGF than unstimulated controls. Due to their sensitivity towards stimulation with Zol 1 IL-2, gd T cells might secrete higher amounts of VEGF compared to other PBMCs. To test this hypothesis, we enriched gd T cells from Zol 1 IL-2-treated PBMCs after 7 days. Results indicate that VEGF release from gd T cells is similar to unselected PBMCs treated with Zol 1 IL-2. Secretion of VEGF was lower than the release of the classical proinflammatory cytokine IFN-g, which peaks around day 2 when PBMCs are stimulated with Zol 1 IL-2 (Fig. 1b) .
Intracytoplasmic VEGF in PBMCs
To analyse the production of VEGF by lymphocytes in detail, intracytoplasmic VEGF content of PBMCs subpopulations were compared between days 1 and 14 using identical treatment regimens (Fig. 1c,d ). We found that IL-2 alone induces VEGF production after day 4 similarly in NK, ab and gd T cells. Additional stimulation with Zol leads to a more rapid and more pronounced VEGF production, predominantly in gd T cells. Directly after isolation and before stimulation, monocytes depict the highest cytoplasmic VEGF signal of all PBMCs (Fig. 1e ), but the amount of monocytes decreases very quickly during culture (data no shown).
However, VEGF release of PBMCs until day 7 was unexpectedly low when compared to their cytoplasmic VEGF content, depicted by flow cytometry and validated by fluorescence microscopy ( Fig. 1f) . Taken together, our results show that IL-2 stimulates VEGF release from PBMCs consecutively to the classical proinflammatory cytokine IFN-g. Additional Zol accelerates this production of VEGF selectively in gd T cells. However, the kinetic of VEGF release measured in the supernatant did not match the results of the intracytoplasmic VEGF measurement.
Expression of VEGF receptors by PBMCs
Due to the discrepancy between intracytoplasmic VEGF content and VEGF release, we screened for VEGFRs which may bind VEGF and thereby interfere with its detection in the supernatant. CD14
1 monocytes depicted VEGFR-1 and VEGFR-3 but no VEGFR-2 expression, whereas NK, ab and gd T cells had no detectable VEGFRs on their cell surface following isolation (Fig. 2a) . This was unaltered by culture and stimulation with IL-2 or Zol 1 IL-2 until day 14 (data not shown). Correspondingly, rhVEGF added to the cultures did not alter the proliferation (Fig. 2b) or composition of lymphocyte populations (Fig. 2c ), even at very high concentrations.
Release of soluble VEGFR-1 by PBMCs
Even though the low expression of cell membrane-anchored VEGFRs on monocytes may contribute to the mismatch between intracytoplasmic VEGF and free VEGF in the supernatant, we suspected the additional release of a soluble factor that interferes with the detection of VEGF. To test this concept we added 400 pg/ml rhVEGF on cell culture supernatants of PBMCs harvested on day 7 and found an Immune cells regulate VEGF signalling interference of 95Á1% for unstimulated, an interference of 100% for IL-2-stimulated and an interference of 89Á0% for Zol 1 IL-2-stimulated conditions (Fig. 2d ).
Monocytes are a potential source of sVEGFR-1 which could be responsible for the observed interference. Therefore, we compared the release of sVEGFR-1 from CD14-depleted and non-depleted PBMCs cultured under unstimulated, IL-2-and Zol 1 IL-2-stimulated conditions (Fig. 2e) . We found that monocytes are essential for the production of sVEGFR-1 under any of the tested conditions, as CD14 depletion strongly reduces sVEGFR-1 release. In summary, we found monocytes or monocyte-derived cells to be capable of (1) producing VEGF directly (Fig. 1e ), but also (2) inhibiting its effects by facilitating the production of antagonistic sVEGFR-1 (Fig. 2e) under certain stimulatory conditions. These findings are complementary to earlier reports on the functions of monocytes using a different experimental set-up and stimulations [28, 29] . In line with this, we found a significantly increased release of VEGF by CD14-depleted compared to undepleted PBMCs between days 0 and 7 (Fig. 3a) . Additionally, conditioned medium harvested from IL-2-stimulated, monocyte-depleted PBMCs on day 7 supported sVEGFR-1 production dosedependently by isolated monocytes (Fig. 3b) .
Finally, we found that sVEGFR-1 in the supernatants of stimulated (IL-2, Zol 1 IL-2) and unstimulated PBMCs correlated positively with the ability to mask detection of spiked rhVEGF in these supernatants (Fig. 3c) , supporting our interpretation that sVEGFR-1 is indeed responsible for the observed interference with VEGF. sVEGFR-2 could not be detected in the supernatants of stimulated or unstimulated PBMCs (data not shown). Together, our results show that sVEGFR-1 release from PBMCs is monocyte-dependent and stimulated by IL-2. As well as sVEGFR-1, membrane standing VEGFR-1 on monocytes might impact VEGF homeostasis by binding VEGF.
VEGF release by leukaemia and lymphoma cell lines
As VEGF is a signal molecule for monocytes and cells of the haematopoietic system, we asked whether secretion of VEGF and/or release of an antagonistic sVEGFR-1 is a more common characteristic, applicable to other haematopoietic cell types. Therefore, we evaluated the VEGF release of different leukaemia and lymphoma cell lines under the same culture conditions as PBMCs.
Six of seven tested cell lines released VEGF which was unaffected by treatment with IL-2 or Zol 1 IL-2 (Fig. 4a) . However, measurement of intracytoplasmic VEGF depicted a strong discrepancy between intracytoplasmic VEGF content and VEGF release in one of the cell lines: the myeloid leukaemia cell line KG-1 released no detectable VEGF, but high amounts of VEGF were found in its cytoplasm using flow cytometry (Fig. 4b ) and fluorescence microscopy (Fig. 4c) . Similar results were obtained with a different primary VEGF antibody and retention of free VEGF inside the cells is unlikely, as cell lysate comprised virtually no detectable free VEGF (data not shown).
Expression of VEGF receptors by leukaemia and lymphoma cell lines
We next measured expression of VEGF-receptors on leukaemia and lymphoma cell lines: as well as Daudi cells, all tested cell lines expressed at least VEGFR-3 and some additionally expressed VEGFR-1 or VEGFR-2. KG-1 expressed all three VEGFRs and had the highest VEGFR-1 expression of all cell lines (Fig. 4d and Table 1 ). In summary, the examined cell lines are diverse regarding their expression of VEGF and VEGF receptors. KG-1 is of special interest, as it produces VEGF, expresses high amounts of different VEGFRs and releases soluble VEGF binding molecules.
Interference of culture supernatants with the detection of VEGF
Similarly to the results obtained with PBMCs, we suspected the release of sVEGFR-1 to interfere with the detection of VEGF. Therefore, we added 400 pg/ml rhVEGF to KG-1 supernatants, which were harvested after 48 h of culture, and we found a 98Á5% interference with the detection of the added VEGF (Fig. 4e) . Release of soluble VEGFR-1 by leukaemia and lymphoma cell lines
Three of seven tested leukaemia and lymphoma cell lines released amounts of sVEGFR-1 comparable to PBMCs or higher (Fig. 4f) . The highest quantities were produced by KG-1, which is in line with the observation that VEGF is detectable in the cytoplasm but masked completely in the cell culture supernatant. K562 also depicts a substantial production of sVEGFR-1, together with high amounts of free VEGF in its culture supernatant (Fig. 4a) and a high intracytoplasmic VEGF content (data not shown). sVEGFR-2 could not be detected in the supernatants of any of the leukaemia and lymphoma cell lines (data not shown).
Discussion
VEGF released by immune cells
It has been demonstrated previously that bisphosphonate monotherapy decreases VEGF levels in cancer patients [10] [11] [12] but, surprisingly, we found later that Zol combined with low-dose IL-2 can also induce a rapid increase in VEGF serum levels of such patients [21] . Due to the temporal sequence, our hypothesis was that substantial amounts of VEGF are released by IL-2-and Zol 1 IL-2-stimulated immune cells. To test this concept we assessed VEGF release kinetics by human PBMCs following different stimulations in vitro as a model for in-vivo immunotherapeutic treatment. We found that IL-2 and Zol 1 IL-2 treatment stimulates VEGF release by immune cells consecutively, but not immediately, to the classical proinflammatory cytokine IFN-g. Zol 1 IL-2 stimulation compared to IL-2 alone accelerates but does not increase peak VEGF release rate. We next analysed the intracytoplasmic VEGF production kinetic for individual types of blood immune cells. Our results are in line with former reports showing that unstimulated monocytes produce VEGF [29, 30] . Additionally, gd, ab T cells and NK cells have a low baseline VEGF content, but all up-regulate VEGF production when stimulated with IL-2, enabling these cells to play an opposing role upon activation. The combination of IL-2 with Zol, known to elicit a proinflammatory response from gd T cells, also accelerates selectively the production of VEGF in these gd T cells. As VEGF expression follows the proinflammatory cytokine release it suggests a distinct, probably more downstream role in the course of immune reactions. However, the low VEGF release into the culture supernatant of immune cells until day 7 and the increase thereafter did not match the results of the intracytoplasmic VEGF measurement.
It is already known that monocytes and macrophages from patients with rheumatoid arthritis can release high amounts of VEGF [31] and Freeman et al. described VEGF release by lymphocytes as early as 1995 [32] . Since then, others have also addressed VEGF production by lymphocytes, although the use of mouse models and the measurement of relative cytokine alterations but without absolute numbers limit direct comparability [27, 33, 34] . In addition, a commercial VEGF ELISA kit, which has been used in most studies, does not take into account the level of interfering factors such as sVEGFR-1 [35] . Moreover, serum VEGF levels are linked to thrombocyte counts, probably because platelets release VEGF during blood coagulation [36] . Without consideration of these factors, measurement of VEGF might not reflect the actual situation. We analysed our earlier clinical data and did not find a correlation between the changes in serum VEGF levels and changes in platelet count (data not shown). This would have been expected if an increased platelet count was indeed the cause for an increase in serum VEGF levels during immunotherapy.
VEGFRs on immune cells
VEGF can be released by various cell types, and its signals are mediated through the tyrosine kinase receptors, VEGFR-1 (or Flt-1) and VEGFR-2 (or KDR), which are expressed by endothelial cells, monocytes and many malignant tumours [17] . Furthermore, VEGF is a signal molecule for monocytes and haematopoietic progenitor cells [37] . Analysis of VEGFRs on PBMCs showed that monocytes expressed detectable but low amounts of VEGFR-1 and VEGFR-3 and no VEGFR-2. This is consistent with previous reports demonstrating a functional role for VEGF-signalling via VEGFR-1 in the attraction and activation of monocytes [15, 37, 38] . In contrast to monocytes, ab, gd T and NK cells were negative for VEGFRs, and neither stimulation with IL-2 nor Zol 1 IL-2 induced expression of VEGFRs in any of these populations. The lack of detectable receptors makes it unlikely that VEGF acts directly on these cells or that they are capable of interfering (2) IL-2 (IL-2 100 U/ml added on day 0), (3) Zol 1 IL-2 (1 mM Zol and IL-2 100 U/ml added on day 0). All data are either presented as a representative example of at least three independent experiments (Fig. 2a) or depicted as mean 6 standard deviation (s.d.) of at least three independent experiments. *P < 0Á05 compared to undepleted PBMCs, # P < 0Á05 compared to unstimulated control.
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with detection of VEGF via sequestration of VEGF by membrane-bound receptors. Accordingly, we could not find any change in proliferation of stimulated PBMCs when rhVEGF was added to PBMCs cultures. However, we did not examine subpopulations, and there are indeed reports describing expression and functional implications for either VEGFR-2, VEGFR-1 or both receptors on certain T cell subpopulations, such as an impact on cell proliferation, cytotoxicity and IFN-g production [22] [23] [24] [25] . The heterogeneous results may also be due to differences in the methodology or studied species [33, 39, 40] . In line with previous publications, we suspect that while VEGFR-2 is very important for endothelial cell functions, it is probably not for most immune cells [24, 25, 39, 41] . (1) unstimulated monocytes, (2) monocytes stimulated with 25% lymphocyte conditioned medium (addition of 25% cell-free medium which was harvested on day 7 of IL-2-stimulated, monocyte-depleted PBMC culture and (3) monocytes stimulated with 50% lymphocyteconditioned medium (addition of 50% cell-free medium which was harvested on day 7 of IL-2-stimulated, monocyte-depleted PBMC culture). Concentrations of VEGF were measured in the supernatants at the end of the respective period, the concentration of soluble VEGFR (sVEGFR)-1 in the added medium was subtracted from this value and results normalized with regard to cell count and culture time. Data from three independent experiments are depicted as mean 6 standard deviation (s.d.). *P < 0Á05 compared to unstimulated control. (c) Correlation between the sVEGFR-1 concentration in supernatants of differently stimulated (unstimulated, IL-2 and Zol 1 IL-2) PBMCs after 7 days and the detectable free VEGF concentration by enzyme-linked immunosorbent assay (ELISA) after spiking of 400 pg/ml recombinant human VEGF (rhVEGF) into these supernatants. The reference point at 0 pg/ml sVEGFR1 is assigned to the VEGF concentration measured in the calibrator diluent of the assay. Each point represents an individual experiment. Spearman's rank correlation coefficient is r 5 20Á89 and P < 0Á05.
Immune cells regulate VEGF signalling VEGF signalling in leukaemia and lymphoma cell lines
Testing of leukaemia and lymphoma cell lines regarding their VEGF release in vitro showed that VEGF production varies widely between different haematological cell types.
VEGF release was observed in similar quantities in promyeloblast/pro-myelocytic leukaemia (HL-60), THP-1 (monocytic cell/acute monocytic leukaemia), U266 (Blymphocyte/multiple myeloma), lymphoblast/non-T, non-B acute lymphocytic leukaemia (Reh) and B-lymphoblast/ Burkitt lymphoma (Daudi). Particularly high amounts of VEGF were released by K562 (erythroleukaemia/CML). Cells from KG-1 (macrophage/acute myeloid leukaemia) did not release detectable VEGF. The VEGF release rate was not altered significantly in any of the cell lines by treatment with IL 1 2 or Zol 1 IL-2. This argues against the interpretation that Zol or IL-2 had interfered directly with the VEGF release of leukaemia and lymphoma cells and caused the changes in VEGF serum levels observed in our earlier clinical study [21] . Similarly to PBMCs, it was interesting to find a marked discrepancy between VEGF release into the culture supernatant and the semiquantitative results of the intracytoplasmic VEGF measurement in the KG-1 cell line. We therefore analysed expression of leukaemia cells VEGFRs under the assumption that the differences between intracytoplasmic VEGF levels and detectable VEGF in culture supernatants are caused by sequestration of free VEGF. The strong expression of VEGFRs found on KG-1 underlies this hypothesis, at least for that cell line.
We did not investigate the functional relevance of VEGFRs on leukaemia or lymphoma cell lines ourselves, but there is evidence that VEGFRs located on or inside VEGF-producing cells are part of an autocrine or intracrine VEGF-feedback loop that impacts cell growth and survival in cancer cells [42, 43] .
sVEGFR-1
Binding by membrane resident VEGFRs was not the only reason for the discrepancies between the amount of intracytoplasmic VEGF and those detectable in the culture medium, as the cell-free supernatants of KG-1 and PBMCs cultures effectively interfered with the detection of added rhVEGF.
In this regard, it has been demonstrated previously that VEGFR-1 has a physiological relevant splice variant, encoding sVEGFR-1. This soluble receptor is expressed by endothelial cells [44] and also by cells of the monocyte lineage [45] , and is capable of interfering with the detection and functioning of VEGF [46] . We therefore assumed that this molecule contributes to the observed discrepancy in our experiments. In line with a possible interference we found high amounts of sVEGFR-1 in the supernatants of the leukaemia cell lines KG-1, K562 and THP-1, as well as in the supernatants of PBMC cultures. By contrast, sVEGFR-2 was not detectable in any of the cell culture supernatants and is most probably not a physiologically relevant antagonist of VEGF [35, 47] . It was interesting to find that certain cell lines and PBMCs concomitantly produce contradictory VEGF signals, and VEGF production can either exceed or fall below the binding capacity of produced sVEGFR-1. The release of sVEGFR-1 from PBMCs was highly variable, depending on the applied stimulus. When PBMCs were depleted of CD14 1 monocytes, the sVEGFR-1 production rate decreased substantially and the detectable free VEGF between days 2 and 7 increased. Even though the VEGF output was still low when compared to cell lines (Fig. 4a) or macrophage colony-stimulatory factor (M-CSF) stimulated monocytes [29] , this indicates that monocytes are essential for the release of sVEGFR-1 and may have an important role as regulators of VEGF signalling in collaboration with lymphocytes.
Pro-and anti-tumour roles of VEGF
VEGF has multiple biological effects, but in the context of malignancies it is recognized primarily as a pro-tumour factor that facilitates neo-angiogenesis and thereby cancer progression. Less focused upon are the immunomodulatory effects of VEGF; for example, the promotion of leucocyte trafficking into tissues [22, 48] . In addition, predominantly immunosuppressive functions have been attributed to VEGF, such as the inhibition of dendritic cell maturation [49] , induction of an immunosuppressive microenvironment and activation of regulatory T cells [40, 50] . In the context of cancer immunotherapy it is interesting that high pretherapeutic blood levels of VEGF are an independent predictor of a lack in clinical response and a decreased overall survival of patients treated with highdoses of IL-2 [51] . However, this observation cannot be 
Pro-and anti-tumour roles of tumour-associated immune cells
In contrast to the observations that suggest that gd T cell infiltration into the tumour is a positive prognostic marker [2] , studies have shown that the amount of macrophages in tumour tissues is often correlated with a poor prognosis in numerous types of cancer and treatment modalities [52] . This is especially recognized for the immunosuppressive M2-like macrophages, which are capable of producing VEGF [53] . In this regard, it has been proposed that Zol decreases VEGF levels in tumour patients by reducing the amount of tumour-infiltrating macrophages [54] . However, under certain circumstances macrophage infiltration is also associated with an improved prognosis [55, 56] , suggesting a variable role of immune cells in the course of malignant diseases. There is evidence that proinflammatory signals such as IFN-g-or Fc-receptor-g-I-dependent activation of monocytes and macrophages promote antiangiogenic functions of immune cells by inhibiting VEGF [57, 58] . It has been demonstrated earlier that sVEGFR-1 is a potent anti-angiogenic molecule which blocks cellular proliferation and migration induced by VEGF [46] . Monocyte-derived dendritic cells stimulated with tumour necrosis factor (TNF)-a or soluble CD40 ligand plus IFNg can produce very high amounts of sVEGFR-1 and can have an anti-angiogenic effect in vivo [59] . However, not only proinflammatory but also anti-inflammatory cytokines such as IL-4 or IL-10 can inhibit VEGF signalling [60] . It seems plausible that some of these apparently contradictory findings are the result of the time-dependent regulation of immune responses and the diversity of macrophage phenotypes [61] . Depending on the type of stimulation with either M-CSF or granulocyte-macrophage colony-stimulating factor (GM-CSF), monocytes themselves produce high amounts of VEGF (response to M-CSF) or antagonistic sVEGFR-1 (response to GM-CSF) [28, 29] . This observation adds to the plasticity of monocytes functioning as pro-or anti-tumour factors and further connects them to T cell functions and the effects of IL-2 treatment. In this regard, it has also been demonstrated in a melanoma mouse model that IL-2 can have both pro-and antitumour effects and changes the infiltration of tumour tissue and lymph nodes by T and NK cells, depending on the applied dose [62] . We know that upon stimulation with IL-2, both unstimulated and pre-activated T cells as well as NK cells are able to produce GM-CSF [63, 64] . Furthermore, an interesting gene expression study in melanoma patients demonstrated that high doses of IL-2 change the expression patterns of lymphocyte and monocyte cytokines, including GM-CSF and VEGF, within a few hours in vitro, in the blood and in the tumour microenvironment [65] . However, the physiological role for GM-CSF in vivo remains unclear, because very high concentrations were needed to induce the release of anti-angiogenic sVEGFR-1 in vitro [28] . A model for lymphocyte-monocyte interaction in control of VEGF signalling and tumour angiogenesis is given in Fig. 5 .
Our results suggest that lymphocytes are a potential source of VEGF, which may act as a chemoattractant for monocytes initially and helps to establish lymphocytemonocyte co-operation in vivo. We suggest that the local interaction of immune cells will result in pro-or antitumour reactions depending on the milieu, cell composition and priming. gd T cells might have predominant antitumour functions when activated in the tumour environment, but in the following course of immune reactions they could also develop pro-tumour characteristics.
Conclusions
In this study we characterize VEGF production by bloodderived human immune cells, as well as leukaemia and lymphoma cell lines, and identify sVEGFR-1 as a potent regulatory factor in VEGF signalling. We provide evidence that IL-2 induces VEGF production and also the release of sVEGFR-1 by immune cells, which may sequester free VEGF and inhibit angiogenesis. Depending on the process of lymphocyte-monocyte interaction, VEGF signalling is influenced predominantly in either way. It is plausible that these immune cells regulate VEGF homeostasis locally in a time-dependent manner, influenced by the type and strength of primary stimuli and co-stimulation (Fig. 5) .
When changes in VEGF signalling in vivo are assessed by measuring blood levels it should be considered that this may not reflect local VEGF signalling, which is compartmentalized. Various cells produce VEGF and blood levels are influenced by breakdown, the abundance of VEGF binding proteins and by local differences in tissue permeability [66, 67] . Our current study shows that manipulation of immune cell functions with IL-2 and Zol can change VEGF signalling and therefore impact tumour angiogenesis, the local vascular permeability and may induce secondary immunomodulatory effects via VEGF and antagonistic sVEGFR-1. In our opinion, the modest and variable clinical response to anti-VEGF therapies in cancer demands additional effort in the detailed analysis of VEGF signalling in the tumour microenvironment and the contribution of different immune cells. Future research should apply more elaborate models for the time-dependent study of cell interactions and cytokine patterns which regulate VEGF signalling. This may lead to more effective immunotherapeutic approaches with less negative effects. 
